ABSTRACT Several experiments were conducted in growth chambers and a greenhouse to determine the influence of various environmental factors on seed germination and seedling emergence of Indian jointvetch. Fully matured seeds of Indian jointvetch germinated only 42%. The germination percent increased as the storage temperature increased with time. More than 90% seeds germinated when the seeds were kept at 40℃ for seven months, but germination was 58.9 and 55.1% when kept at 25 and 4℃, respectively. Non-dormant seeds of Indian jointvetch germinated 91.1 and 92.4% at 30 and 30/25℃, respectively. Germination percent increased with increasing both prethermal temperature and time. The prethermal temperature of 90℃ for 40 minutes was the best for maximum germination (94.5%). Germination and growth of Indian jointvetch tended to decrease slightly until -0.3 MPa osmotic potential (water stress induction) and then declined drastically and the seeds did not germinate at below -0.5 MPa osmotic potential. Indian jointvetch seems to grow well in moist and flooding conditions since emergence and growth of seedling increased with increasing soil moisture content and the water level.
INTRODUCTION
The seed is an important stage in plant's life cycle for its survival as a species. It is the dispersal unit of plant, which is able to survive between the period of seed maturation and the establishment of the next generation as a seedling. To optimize germination over time, the seed enters a dormant stage. Dormancy prevents pre-harvest germination as well. Numerous studies have been performed to better understand how germination is controlled by various environmental factors and applied chemicals.
However, still very little is known about the process by which the embryo emerges from the seed to complete germination and how embryo emergence is blocked in dormant seeds (Bewley 1997) . Weed seed germination is influenced by many environmental factors, such as temperature, light, soil salinity, pH, and moisture (Chauhan and Johnson 2008 a,b) . A light requirement for seeds to germinate, for example, is a principal means by which germination can be restricted to zones close to the soil surface. Seed burial depth has been shown by others to affect seedling emergence of several weed species (Benvenuti et al. 2001; Boyd and Van Acker 2003) . Information on the requirements of a species for germination and emergence can be used to characterize the competitiveness and the potential infestation range of the weed, and could contribute to the development of effective weed control options.
Indian jointvetch is an important species in both crop and noncrop areas. This weed has the potential to become a serious problem in and around rice fields for several reasons. Infestations may interfere with harvesting, reduce yields, and decrease profits due to extensive seed cleaning costs (Indian jointvetch seeds are very difficult to separate from rice during the milling process). This weed has a prolific seed production with the seeds dispersing within four weeks of flowering (Charles 1999) . It germinates in spring and summer and will grow rapidly over summer, flowering in summer and autumn. Most frequently found in poorly drained areas, wet pastures, along rivers and canals, and in or around paddy fields (Holm et al. 1997) . In Guam, Indian jointvetch was found in man-disturbed areas and thickets, not common (Stone 1970) . In Fiji, this weed occurred as a weed from near sea level to low elevations on gravel banks of rivers, along roadsides, in waste places, and often in wet parts of rice fields and cane fields (Smith 1985) . In New Guinea, Indian jointvetch is known a plant of wet situations; stream banks, swamp margins, roadside ditches, and sometimes as a weed in pastures. Indian jointvetch is widely distributed from low altitudes to 800 m (Henty and Pritchard 1975) .
Information of Indian jointvetch is very limited and a few germination and control measure data are available. Effects of seed maturity, storage condition, thermal pretreatment, light, temperature, and moisture stress on germination and seedling growth were studied as part of eco-physiology study of Indian jointvetch to get basic information for control of this weed species.
MATERIALS AND METHODS

Seed collection
Pods of Indian jointvetch were collected at maturity (when the plant had senesced) from Chungnam National University Experimental Farm, Daejeon, Korea. Pods from more than 100 plants were combined to obtain experimental samples. Pods were threshed and the seeds were separated from the chaff manually, placed in polythene bags, and stored at room temperature (25℃) until using in the experiments. 
Germination tests
RESULTS AND DISCUSSION
Effect of seed color
Seed color is one of the most important characteristics of seed maturity. We found three different colors of seeds at maximum maturity stages. The germination was 42.3% (Table 1 ) when the seeds attained at fully mature stage (Black color appeared).
The second categories seeds (dark green) were able to germinate 34.4%, but no germination was observed when the seed was immature (light green color).
Though fully mature seeds germinated better, it showed too low germination (only 40%) which means Indian jointvetch seeds remained in a dormant stage in a normal condition. Cuthbertson (1970) found that germination percentage of Chondrilla juncea varied with the color of the seeds. As the developing seeds of Chondrilla juncea matured the color changed from greenish-white through yellow to yellow-brown or olive-green. Some 25% of the yellow seeds were capable of germination, whereas fully colored and mature seeds showed 80 to 90% germination and remained viable for two to three years when stored in open containers.
Seed storage in different temperature and duration
From our previous results it was seen that only 40% of the seeds could germinate when stored at room temperature. Seeds were stored in different temperature for several months for breaking seed dormancy of Indian jointvetch. The germination percentage increased as increasing the storage temperature with time. More than 90% seeds germinated when the seeds were kept at 40℃ for seven months (Fig. 1 ). The differences were not so with storage for several days in switchgrass (Mark et al. 1994) in wild sunflower (Seiler 1998) and partially agreed to the results of Kyoung et al. (2002) who reported that Indian jointvetch seeds showed higher germination percent at 35℃ for 4 months storage, but we found the highest germination percentage at 40℃ after 7 months storage.
Effect of temperature
Seed (non-dormant) germination was influenced with temperature ( was not so much difference between constant and alternative temperature for germination of Indian jointvetch, alternative temperature showed slightly better germination than constant temperature (Table   3 ). The alternative temperature 30/25℃ was the optimum condition for giving higher germination, but germination percentage decreased at above or below 30/25℃.
Germination under light and dark condition
Germination of both dormant and non-dormant seeds of Indian jointvetch was not much influenced in light and dark conditions (Table 4) . When the dormant seeds were put for germination in light condition, the germination was 5% higher than in dark condition. For non-dormant seeds germination percentage did not vary significantly though dark 91.5, 88.8, 84.3, 78.0, 55.5, 22.8 and 0%, respectively (Fig. 2) . Our results confirmed the results of Singh and Singh (1982) , (Table 6 ). It was observed that Indian jointvetch plants grew rapidly (considering plant height and fresh weight) under high field capacity moisture condition (Table 6 ).
A wide range of variation was found for the growth of Indian jointvetch at different water depth conditions. The increasing trend of seedling growth remained up to 15 cm water depth, and then started to decline (Fig. 3) . In terms of fresh weight, it was seen that 73% higher fresh weight was observed when the water level remained at 15 cm compared to -6 cm from the seed placement. Indian jointvetch prefers a moist condition for growth, so rice field is a favorable place for growing Indian jointvetch.
From the previous report it was seen that Indian jointvetch most frequently found in poorly drained areas, wet pastures, along rivers and canals, and in or around paddy fields (Holm et al. 1997 ) in waste places, and often in wet parts of rice fields and cane fields (Smith 1985) , widely distributed from low altitudes to 800 m (Henty and Pritchard, 1975) .
From our study we also found the same results that Indian jointvetch grew better in a moist soil. 
